Summary: This paper is based on the observations of prescribed actions during the maintenance of artillery weapons and immediately prior to the execution of combat firing. Adjusting the parallelism of the axes of the optical devices
Introduction
A new method for checking the parallelism of the axes 1 of optical devices and the axis of the field artillery weapon H-122mm D30 (J) was applied in the study. Shooting from this weapon is realized using the following optical sight devices:
-the optical sight ON-122-M78, intended for direct shooting at targets up to a distance of 2000 meters, -panoramic sight (panorama) P-M78, indirect target shooting to a distance of 16,000 meters.
1 Checking the parallelism of the axes of optical devices and the artillery weapon barrel axis as well as their alignment (cancellation of deviations in parallel) is called rectification. Sighting devices, regardless of their precise adjustment in production, must be checked and adjusted during use. These devices stop being adjusted during use due to wear and tear of moving parts, shocks during shooting and transport, which causes deviation from the axis parallelism and increases the error in weapon accuracy regarding distance and direction.
The aim of the research is the implementation of a new method for checking and adjusting optical axes and the barrel axis, based on the precision of a laser beam emitted by a laser pointer. In this way, the deviation of axes from the parallel is reduced to the minimum value, or zero.
The existing method of checking axes parallelism, on the basis of which further adjustments are made 2 , is directly dependent on the gunner, which leads to different types of errors. One of them is parallax which occurs due to aiming through the barrel bore and the crosshair on the muzzle brake. Also, the existing method is also dependent on the hair/fiber thickness, from which the crosshair is made and mounted on the muzzle brake. It is used for aiming at distant targets and / or at a rectification board. It is clear that the existing method is dependent on human abilities so it does not provide complete reliability due to subjective errors.
According to technical documentation, checking the parallelism of the optical sighting axis with the barrel axis is always performed after mounting the optical sight (OS) on the weapon. Considering the high perio-dicity of repeating paralellism tests, it is necessary to facilitate and accelerate the method. This is enabled by the proposed method of checking axes parallelism using a laser beam (pointer), which makes the method fully reliable.
Existing method of checking axis parallelism according to technical documentation
Checking axes parallelism means checking the parallel of the three axes (Državni sekretarijat ѕa narodnu odbranu, Tehnička uprava, 1969):
-optical sight axis, -optical panoramic sight axis, -H-122mm D-30 barrel axis.
The goal is that there is no deviation from the parallelism of the imaginary axes of the optical devices and the weapon barrel. In this way, ideal conditions are provided, enabling the accuracy of the sighting devices and the weapon accuracy.
The weapon is placed in a combat position on a flat and hard surface. The barrel is brought into a horizontal position by means of a tilt mechanism, and in the direction towards the rectification board or a remote target.
Checking and adjusting the parallelism of the panoramic sight axis with the barrel axis Checking the parallelism of the P-M78 panoramic sight axis and the axis of the weapon barrel, as well as the adjustment of the axis to "ideal" parallelism is performed in two ways: -using a selected target point at a distance of 1000 m , -using a rectification board at a distance of 50 m from the barrel muzzle.
At the muzzle brake, a hair from the crosshair 3 is tightened into the existing notches
4 . An aiming point is selected at a distance of 1000 m from the muzzle (Figure 2 ). The firing mechanism parts are disassembled from the breechblock. Aiming through the opening for the firing mechanism probe tip over the crosshair on the muzzle brake, the gunner locks the weapon barrel at a chosen target point. The barrel is moved using a gun laying mechanism. Aiming through the panoramic sight, the gunner adjusts the device until the crosshair of the panoramic sight overlaps with the chosen target and the indices are in the "0" position.
If there is no suitable target point in the vicinity and if visibility is limited, checking the parallelism of the optical axis of the panoramic sight with the barrel axis is done using a rectification board (Figure 3 ). The board is placed at a distance of 50 m from the howitzer muzzle, vertically and perpendicularly to the barrel axis. As seen in Figure 3 , there are three crosses on the board 5 , whose layout and distance corresponds to the position of the optical devices (panoramic sight and optical sight, red and blue cross, respectively) and the axis of the weapon (black cross) in the 3D space. The parallelism is checked in the following manner: aiming is performed through the bore axis (i.e.hairs of the crosshair) which is thus aligned with the crosss on the right side of the rectification board (Figure 4) . The panoramic sight and the optical sight are used for aiming at the crosses on the left side of the rectification board. If the axes of the optical devices deviate from the centres of the crosses on the rectification board, their adjustment is necessary. In this way, the axes of the optical devices are brought into the center of the corresponding cross on the rectification board, which corresponds to the indices on the devices in the "0" position. The technical documentation requires that such rectification be realized by 2 mechanics. The first one aims via the crosshair, aligns the bore axis with the chosen target or the cross on the rectification board and constantly controls the muzzle position. The other mechanic then adjusts the axes of the optical devices with the target or the crosses on the rectification board.
Permissible deviation, when taking the maximum firing distance with the panoramic sight, is 0-00.5 thousandths per direction (Savezni sekretarijat za narodnu odbranu, Tehnička uprava, 1987) .
Checking and adjusting the OS axis parallelism with the barrel axis
The preparatory actions for the procedure for checking and adjusting the parallelism of the ON-122-M78 OS axis and the barrel axis are the same as the previously explained procedure for the panoramic sight. For the correct operation of the OS, it is necessary that its optical axis be parallel with the bore axis both in the vertical and the horizontal plane. Checking the parallelism of the OS axis and the bore axis is done at a minimum distance of 1000 m or using a rectification board at a distance of 50 m from the muzzle.
In the same way as with the panoramic sight ( Figure 2 ), a target is aimed at a minimum distance of 1000 m, using a crosshair. Then, aiming through the OS eyepiece, the gunner determines the position of the top of the arrow in relation to the selected target point. If the OS is correct and properly set, then the top of the arrow will overlap with the remote selected point, and the horizontal line of the crosshair passes through the zero position of the distance scales. If this is not the case, it is necessary to carry out the OS adjustment.
When checking the parallelism of the ON axis with the bore axis using the rectification board (Fig. 4) , the procedure for checking parallelism in the panoramic sight is repeated, and the allowed deviation is 0-01.5 thousandths per direction (Savezni sekretarijat za narodnu odbranu, Tehnička uprava, 1987) .
Problems in the rectification procedure according to technical documentation When implementing the described methods for checking the parallelism of the optical axes of the panoramic sight and the OS with the barrel axis, we face some problems that cause the measurement uncertainty of the method. Measurement uncertainty depends on the person's ability to precisely determine a target point and aim at it. In this way, a measurement error directly affects the accuracy of the optical devices and, indirectly, the accuracy of the weapon, and the method itself contains measurement uncertainty.
A procedure of aiming using the barrel axis
The considered method of checking and adjusting axes parallelism is prescribed by technical documentation. In the realization of the method for checking the axes parallelism, the crosshair is used to aim through the bore at a distant target or at the right cross on the rectification board. The success of aiming using the crosshair depends on the ability of the human eye to perform precise targeting, as well as on the thickness of the hair/fiber with which the target is aimed at. In the weapon STA 6 kit, there is a factory-standardised fiber which is placed on a gas brake and by which a target is aimed. Therefore, an error is inevitable since the success of the method depends on the human capability to perform the necessary aiming at the remote target or at the cross on the rectification board.
The effect of the thickness of the hair on the precise aiming is considered, assuming that the man has sufficient visual abilities to use a 0,5-2 mm thick fiber over the bore axis to aim at the right cross on the rectification board and the distant target. An example is given in Figure 5 .
The rectification board is placed at a distance of 50 meters from the weapon muzzle. Three 10mm thick crosses are drawn on the board, for each of the axes of the optical devices and the weapon bore axis (as it corresponds to their position in the space). To see how the thickness of the fiber affects the correct check of the axes parallelism, the fiber (hair of the crosshair) projection on the rectification board will be calculated. The projection of the fiber is the shape and size of the fiber which the human eye sees on the rectification board when aiming using the crosshair. From the theorem on the similarity of triangles, it follows that (Kalezić, 2010 ):
where:
C L -weapon bore length, Using formula (1) gives the following:
, where:
It is concluded that the projection of the 0,5 mm thich fiber on the rectification board located at a distance of 50 mm is 5,72 mm 7 . This means that the crosshair on the gas brake has a projection on the rectification board as in Figure 6 . Figure 6 shows a projection of a 0.5 mm thick fiber. For the thickness of the fiber of 2 mm, which is actually used in practice, the projection is 22.3 mm. In this case, the center of the crosshair on the rectification board will practically not be seen, which is a potential mistake in the realization of the adjustment of axes parallelism.
For the rectification method at a distant point (1000 m), the thickness of the projection of the fiber is:
The projection of a 0.5 mm thick fiber at a distant chosen target located at a distance of 1000 m amounts to 105 mm. The projection of the crosshair of the thickness of 0.5 mm at a distant target can be presented as in Figure 7 . Figure 7 shows that, due to the projection of the fiber on a distant target, the distant target is practically hidden behind the projection, and the precise alignment of the axes is difficult (aiming with the bore axis). For the case of the thickness of the fiber of 2 mm, the case is more pronounced as the projection of the fiber to the distant target is 420 mm. Table 1 shows an overview of the fiber thickness and its projections for different rectification modes. Table 1 clearly identifies a problem caused by the fiber thickness when aiming at a distant target or at a cross on the rectification board (aiming point). Namely, the projection of the fiber thickness makes it difficult to accurately aim the bore axis at a distant chosen target and the rectification board, because the projection is much bigger than the target, so the fiber projection hides the target, i.e. the target point. In this way, the accuracy of the method depends on the skill of the mechanic who performs aiming. Something more precise is aiming at the rectification board, because the thickness of the projection, in some cases, is slightly smaller than the thickness of the cross on the rectification board.
It is concluded that, according to technical documentation, the method of checking the parallelism of the axes of optical devices and the weapon bore is based on the unreliable method of bringing the axes to the distant target or the cross on the rectification board. Unreliability leads to the impossibility of precisely locating the selected distant target or the center of the cross on the rectification board, which leads to an error in determining the deviation of the individual axes from the imaginary parallel lines. The result is an unreliable way of rectification and insufficient accuracy of aiming devices, which directly affects the weapon precision during firing.
Parallax
Parallax is a shift of the target in relation to the crosshair when we move our head up or down as we look through the optics (Državni sekretarijat za narodnu odbranu, Tehnička uprava, 1969ab) . Parallax occurs when the target does not fall on the same plane as the crosshair. A parallactic error occurs when aiming at long distances. The error in this case is a maximum of one thickness of a crosshair fiber or 0-00.5 thousandths. Since parallax occurs when aiming at targets at long distances, axes parallelism should be checked using a rectification board.
Calculation of the axes deviation and impact on the aiming accuracy
Based on the shown method for checking the parallelism of the axes of the panoramic sight and the weapon bore, according to technical documentation, the allowed deviation from the parallel is 0-00.5 thousandths. Also, the allowed deviation of the optical sight axis from the barrel axis is 0-01.5 thousandths. These allowed deviations are manifested in the aiming accuracy and the firing accuracy as seen in Figure 8 and the accompanying tables below.
From the given calculation, for the allowed deviation of the panorama axis from the barrel axis, at a distance of 16 km 8 , the aiming error amounts to 8 m. Proportionally, by reducing the distance to the target, the error decreases (Table 2 ). 0-00.5 thousandths 4 4 000 0-00.5 thousandths 2 2 000 0-00.5 thousandths 1 1 000 0-00.5 thousandths 0.5
The calculation shows that for the permitted deviation of the axis of the optical sight from the barrel axis, at a distance of 2000м, the aiming error is 3 m. Proportionally, by reducing the distance to the target, the error decreases (Table 3) . The values of the aiming error in the horizontal plane displayed in Tables 2 and 3 represent the maximum deviation values according to the technical documentation, and in real conditions they are higher. This will be demonstrated by the application of the proposed method, where the obtained deviation values will be compared, based on which it can be concluded that in real conditions the deviation is higher.
The aiming error value in the vertical plane, based on the permissible deviation from the parallelism of the axes of the barrel and the aiming devices, decreases with the range increase. At the maximum range, the error is negligible.
Improving the rectification method using a laser pointer On the basis of the performed analysis of aiming errors in real conditions due to the thickness of the crosshair fiber, parallax and the axes parallelism checking skills during the application of the rectification method according to the technical documentation, measurement uncertainty occurs in the realization of the parallelism checking method. The application of the proposed rectification method based on the use of a laser pointer eliminates the influence of the human factor on the measurement procedure (aiming with the crosshair and parallax).
Rectification method using a laser pointer
The rectification procedure using a laser pointer is the following: -laser pointer is held with the appropriate clamping tool, -the clamping tool with the laser pointer is placed at the place of the 122 mm artillery primer, -at the muzzle (gas brake), an appropriate circular mesh with a cross in the center is placed 9 (Figure 9 ), -rectification board is placed at a distance of 50 m from the muzzle, -the laser pointer is activated and the clamp tool sets the laser beam to pass through the center of the circular mesh (through the cross), -the circular mesh is removed from the gas brake and by gun laying, the laser beam is directed onto the right cross of the rectification board, -the deviation of the optical devices from the corresponding crosses on the rectification board is measured and necessary adjustments are made. In order to determine the real deviation of the optical axes on the basis of which the calculation of the aiming error will be carried out the proposed rectification method using a laser beam was applied to an overhauled H-122 mm D30 artillery piece. Once again, the parallelism of all axes was checked using the method prescribed by the technical documentation 10 (Savezni sekretarijat za narodnu odbranu, Tehnička uprava, 1987), followed by the rectification based on the proposed method with a laser pointer. 9 The circular mesh is of a round shape with a cross in the middle, as shown in Figure 9 . The circular mesh is an integral part of the fire control tool of the computing department. 10 Aiming at the rectification board was done using 2 mm thick fibers of the crosshair placed on the notches of the gas brake, for easier and more accurate aiming. The laser beam was directed to the center of the circular mesh in the manner described above (Figure 10 ) and then to the corresponding cross on the rectification board. The following deviations of the panorama axis and the optical sight axis were obtained after the rectification was performed, in relation to the piece barrel axis: -Panorama:
• 2 thousandths in the direction and • 4 thousandths per elevation, -Optical sight:
• 2 thousandths in the direction. The checking and adjusting the optical axes of the panorama and the OS was repeated by the method prescribed in the technical documentation and once again the same results were obtained, i.e. the same deviations. As all the requirements of the measurement method were met, it is obvious that the technical documentation method has certain measurement uncertainty. Measurement uncertainty was a result of a lack of a method that depends on the subjective factor (the human eye), the crosshair fiber thickness and the parallax. Measurement uncertainty directly causes aiming error, and indirectly firing inaccuracy as shown in Tables 4 and 5 . Aiming error in the direction (m) 16 000 0-00.5 thousandths 32 8 000 0-00.5 thousandths 16 4 000 0-00.5 thousandths 8 2 000 0-00.5 thousandths 4 1 000 0-00.5 thousandths 2
The values obtained in Tables 4 and 5 represent real aiming errors that occur in the horizontal level with the H-122 mm D30 piece. As it can be seen, there are errors in the parallelism of the axes and they are higher than those prescribed by the technical documentation (Savezni sekretarijat za narodnu odbranu, Tehnička uprava, 1987), (Table 2 and 3). The obtained results show that the human factor has a dominant influence on the quality of the method of adjusting the optical axes. The only way to achieve quality results and a minimal deviation of the parallelism of the optical axes from the bore axis is to exclude the human factor and improve the rectification method. This is achieved by the proposed rectification method using a laser pointer, which is based on the fact that the laser beam propagates in a straight line to the aiming point on the rectification board, thereby contributing to the method accuracy. This method eliminates the unreliability of aiming with crosshairs and the parallax of the human eye, since the influence of a man from the critical part of the measurement method is eliminated. This reduces the method measurement uncertainty. In addition, the proposed method is implemented by one artillery crew member, unlike the previous one where two members were necessary. A reduced number of staff affects the reduction of norms, which directly increases capacity.
Description of the proposed method
The proposed rectification method, i.e. the verification of the parallelism of the optical axes with the bore axis, uses a laser beam of a laser pointer in order to increase the accuracy of aiming at the cross on the rectification board. After aiming with the laser beam, the deviations of the optical axes are checked and corrected.
The rectification method using a laser pointer is given previously while the subsequent corrections on optical devices are described and implemented according to the method given in the technical documentation (Savezni sekretarijat za narodnu odbranu, Tehnička uprava, 1987) .
The clamping tool used to hold the laser pointer is shown in Figure 11 . After placing the laser pointer in the clamping tool, the clamping tool is fastened to the technological sleeve ( Figure 13 ). In the center of the sleeve, in the opening in which the primer is placed, there is a thread by means of which the clamping tool for the laser pointer is fixed, which allows the laser beam to overlap the bore axis. An appropriate opening is made on the sleeve to check the direction of the laser beam. Alignment is performed by adjusting the clamping tool on the X and Y axes (with four screws on the adaptive coupling, two screws for each axis) so that the laser beam is directed to the center of the circular mesh located on the gas brake on the muzzle. The edge of the technological sleeve is removed from the place where the extruders come in so that breech is open and accessible. Figure 14 shows a technological sleeve with a mounted clamping tool and a laser pointer.
After directing the laser beam into the center of the circular mesh, it is considered that the laser beam matches the imaginary axis of the weapon bore. The circular mesh is removed from the gas brake and by the rotating the barrel in direction and elevation, the laser beam is directed to the lower right-hand cross of the rectification board placed at a distance of 50 m from the muzzle (Fig. 15) . In this way, the laser beam represents a prolonged bore axis towards the aiming point of the rectification board.
After bringing the laser beam to the aiming point of the rectification board, it is possible to read the deviations of the optical axes of the panorama and the OS from the corresponding aiming points (crosses) on the rectification board and to correct them. The correction is done in such a way that they are set up to have their optical axis at the appropriate aiming points of the rectification board and adjusting the scale according to TU-I. The parallelism of all three axes is thus achieved, which ensures the accuracy of the optical devices and weapon precision when shooting at a remote target. The proposed rectification method with a laser pointer can be applied to any artillery piece or weapon in day and night conditions, provided there is an appropriate technology sleeve, the clamping tool and the rectification board.
Structure of tools and working tools with economic indicators Table 6 lists the data on the necessary tools and means for implementing the method of rectification with the laser pointer, as well as the necessary funds and their sources. The data listed in Table 6 refers to the tools and means of work for one type of artillery pieces, except for those marked with an asterisk that can be used for all types of artillery weapons. The product in position 2, a technological sleeve, needs to be upgraded in the Institute, by making a hole for fixing the clamping tool to carry the laser pointer (Figure 11 ). The tool in position 3 is made in the Institute.
The total cost per one set, for one piece type, is about 2,000 RSD.
Conclusion
The aim of the research was to improve the existing method of rectification of the axes of optical devices in order to achieve better precision of shooting with the current weapons. The goal is achieved by applying a new rectification method based on the use of laser pointers.
The description of the method of rectification of optical devices based on the use of the laser pointer and its application in the process of general overhaul of the H-122mm howitzer D30 at the Technical Overhauling Institute Čačak, as well as the obtained results by measurement, show the following advantages of the proposed method:
-the subjective factor in the realization of the method is eliminated, -it provides accurate data on the deviation of the optical axes, allowing their correction and harmonization, -the aiming accuracy and the firing accuracy are achieved, -measurement uncertainty of the rectification method is reduced to a minimum, which ensures the reliability of the rectification method, -much shorter technological time required to check the alignment of the optical axes and the weapon barrel axis, -checking the alignment of the optical axes and the barrel axis is carried out by one person, which reduces the necessary technological capacity envisaged for these procedures, -a uniform rectification quality is achieved in each repeatition of the axes alignment check, -rectification is solely done using a rectification board located at a distance of 50 m and in this way the method does not depend on climatic conditions, the time of the day or night, and the possibilities of determining a distant target by which the TU-I method is implemented. Also, since rectification is done at small distances, the parallax error is avoided. Further research in this area can be directed to the application of the proposed method of rectification with a laser pointer to all artillery pieces up to 155mm caliber, including the M84 tank. Also, research can be applied to weapons using a periscope for rectification.
